We determined the chemical structure of lipoteichoic acid (LTA) from Lactobacillus gasseri JCM 1131 T . The repeating unit was comprised of glycerolphosphate and 2-alanylglycerolphosphate. The glycolipid anchor was tetrahexosylglycerol with two or three acyl groups. To our knowledge, this is the first demonstration of a tetrahexose structure in an LTA glycolipid anchor.
(Becton, Dickinson and Co., FranklinLakes, NJ). The cells were collected and disrupted, and the LTA was purified by n-butanol extraction followed by hydrophobic interaction chromatography (HIC) as described previously with some modifications (8). As a result, 38 mg of LTA was obtained from 25 g of wet cells. The repeating unit of LTA was analyzed with one-and two-dimensional nuclear magnetic resonance (NMR) spectroscopy. The glycolipid anchor fraction of LTA was prepared by treatment with 98% (vol/vol) acetic acid at 100°C for 3 h. The carbohydrate portion of the glycolipid anchor was obtained via deacylation by treatment with 20% (wt/vol) ammonia at room temperature for 12 h. The glycolipid anchor and its carbohydrate portion were analyzed with matrix-assisted laser desorption ionizationtime of flight mass spectrometry (MALDI-TOF MS), which was performed as described previously, with some modifications (9, 10). The chemical composition of the glycolipid anchor, including anchor sugars and fatty acids, was analyzed with gas chromatography (GC) as described previously (11) (see the supplemental material for detailed descriptions of all these experimental conditions).
Structure of the repeating unit from L. gasseri JCM 1131
T LTA.
The structure of the repeating unit was determined by one and two-dimensional NMR analyses. The peaks detected by 1 H NMR and 13 C distortionless enhancement by polarization transfer with an angle parameter of 135° (DEPT-135) NMR (see Fig. S1A , B, and C in the supplemental material) were attributable to the GroP residue and the 2-alanyl-GroP (2-AlaGroP) residue with a substitution at the C-2 hydroxyl group of glycerol to D-alanine (Table 1) , as deduced from previous reports (9, 10, 12) . No hexoses were detected as substituents. The assignments were supported by correlations with the results of correlation spectroscopy (COSY) (see Fig. S1A ). The ratio of D-alanine substitution on the GroP residue was estimated to be 31% based on the intensity of the peaks in the 1 H NMR spectrum ( Table   1 ). The average number of repeating units was estimated to be 20 to 30 according to the ratio of the peak area of protons in the GroP residue and protons bound to the carbons next to the double-bonded carbons in the unsaturated fatty acid residues (δ, 1.7 to 2.2 ppm) in the MALDI-TOF MS of the carbohydrate portion of the glycolipid anchor gave a peak at m/z 763.41, which was attributable to the (M + Na) + molecular ion of tetrahexosylglycerol (Fig. 1A) . The tetrahexose was found to be composed of galactose and glucose at a molar ratio of 3:1 by GC. The fatty acid composition of LTA was determined by GC. Oleic acid [C18:1(n-9)] was a major constituent, representing 70.0% of the total fatty acids. In addition, palmitic acid (C16:0, 18.5%) and stearic acid (C18:0, 7.3%) were detected. MALDI-TOF MS of the glycolipid anchor gave peaks which were divided into two groups with low (group 1) and high (group 2) molecular masses (Fig. 1B) . These lines of evidence strongly suggest that the peaks in groups 1 and 2 were attributable to tetrahexosyldiacylglycerol (Hex 4 DAG) and acyltetrahexosyldiacylglycerol (acylHex 4 DAG), respectively, although the presence of acyltetrahexosylmonoacylglycerol cannot be excluded (16) . For example, the peaks at m/z 1,292.01 and m/z 1,265.97 were attributable to Hex 4 DAG containing C18:1(n-9)/C18:1(n-9) and C18:1(n-9)/C16:0, respectively. The peaks at m/z 1,557.40 and m/z 1,530.40 were attributable to acylHex 4 DAG containing C18:1(n-9)/C18:1(n-9)/C18:1(n-9) and C18:1(n-9)/C18:1(n-9)/C16:0, respectively. Similar peak groups corresponding to trihexosyl trihexosyldiacylglycerol (Hex 3 DAG) and acyltrihexosyldiacylglycerol (acylHex 3 to be glucose and galactose, which is common to the Hex 3 structure of LTA in the abovementioned four species of lactobacilli. On the other hand, the Hex 2 structure reported in many Gram-positive bacteria is composed exclusively of glucose.
Furthermore, the structure of acylHex 4 DAG is unique in that it has three acyl groups. In most cases, the number of acyl groups has been reported to be two in Gram-positive bacteria.
The distribution of glycolipid anchors having three acyl groups is relatively limited; it includes the abovementioned four species of lactobacilli and some lactococci, including with C18:1(n-9) in its glycolipid anchor to meet the requirements of cell physiology. The incorporation of Tween 80-derived C18:1(n-9) in the cell membrane of lactobacilli has been reported previously (25) , suggesting that the fatty acid composition of the glycolipid anchor in LTA is influenced by the fatty acid composition of the culture medium.
Conclusion.
The grown to an optical density at 660 nm of 0.6 (log phase). acid as an external standard (δ H and δ C 0.00). 
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The glycolipid anchor structure of LTA as determined by matrix-assisted laser
